identical responses to those for which the IoN was rons) ( Figure 1D , inset). Lastly, the response was observed to depress after successive periodic stimuli for stimulated (Figures 1D and 1E ; P12 to P15). The EPSPs had a stable stimulation threshold ( Figures 1C and 1D) frequencies above 2 Hz (n = 5 neurons) ( Figure 1F ). By 9 Hz, the mean frequency for exploratory whisking and, as in the case of motoneurons from newborns, occurred for up to 1 s after the stimulus onset ( Figure 1D ).
(Berg and Kleinfeld, 2003) , the steady-state amplitude of the EPSPs was attenuated by w40%. Further, the stimulus could evoke one or several action potentials (15% of the neurons) when the stimulation As a control to verify that responses evoked by trigeminal nerve stimulation were not indiscriminately voltage was increased above the threshold value (Figure 1D) . As in the case with newborn animals, only the elicited throughout the slice, we recorded from neurons in the inferior olive, a structure that is not part of the EPSPs that occurred earliest would add in phase across trials, and those EPSPs became gradually larger vibrissa trigeminal loop. Neurons were selected on the basis of their location in the slice and the presence of as the stimulation voltage was increased (n = 9 neu-subthreshold oscillations and a prominent depolarization sag (Llinás and Yarom, 1981 ). In all neurons tested (n = 12), extracellular stimulation of the ipsilateral trigeminal nerve with voltage pulses as high as 30 V did not elicit a response (data not shown), unlike vibrissa motoneurons in the same slice.
The averaged EPSPs had maximal amplitudes that ranged from 0.5 to 12 mV and rise and decay times of w2 ms and w20 ms, respectively. The amplitude of averaged EPSPs did not change noticeably when motoneurons were hyperpolarized by up to 30 mV by the injection of negative current (n = 5 neurons) (Figure 2A) , consistent with the known distal location of synaptic boutons on dendrites (Friauf, 1986). We observed that the latency of the earliest EPSP (⌬t in Figure 2A ) was distributed in two populations: ⌬t 1 , with latencies between 5 and 15 ms, and ⌬t 2 , a group with latencies > 15 ms ( Figure 2B ). There was no significant difference in the distributions of the latencies of the EPSPs between the P7 to P9 and P11 to P15 age groups (Table  1) and no significant correlation between the value of the latency and the corresponding amplitude (Figure 2C ).
Whole Animals
Our in vitro results imply that activation of vibrissa sensory inputs in vivo should result in a biphasic EMG response in the vibrissa musculature. To test this prediction, sensory inputs in the intact, anesthetized rat were stimulated by two methods: (1) direct electrical stimulation of the IoN sensory branch; and (2) electrical stimulation of the buccolabialis motor branch, to elicit forward motion of the vibrissae and the concomitant generation of vibrissa sensory signals (Brown and Waite, 1974; Szwed et al., 2003; Zucker and Welker, 1969) . To ascertain the behavioral relevance of the sensorimotor feedback, we measured EMG response during rhythmic stimulation by two methods, the first being passive deflection of the vibrissae and the second, electrical stimulation of the buccolabialis motor branch to elicit rhythmic motion and contact of the vibrissae with an obstacle.
IoN Stimulation
The IoN was electrically stimulated with currents above a threshold value of 1-5 mA ( Figure 3A ) (Fanselow and Nicolelis, 1999). We observed an EMG response in the intrinsic muscles locked to stimulus onset, whose am- The responses for the extrinsic muscle were comparable to those for the intrinsic muscles (200 trials, n = lower panels in Figures 2B and 3D ; Table 1 ). The complex response was not observed with urethane (Evinger 4; Figures 3C and 3D, lower panels) . In general, the (Table 2 ). This trend is similar to that seen in vitro ( Figure 1F ), although for both muscle groups (Table 1) To complete the correspondence between in vivo longer than that triggered by IoN stimulation (Table 1) solely by passive tactile stimulation of the vibrissae. We With regard to the frequency of stimulation, both the induced w1°amplitude trains of rhythmic vibrissa mointrinsic and extrinsic EMG amplitudes decreased as tion at frequencies ranging from 2.5 Hz to 100 Hz (Figstimulation frequency increased (Figure 3F ). Quantitaure 5A); each train was delivered at 3 s intervals and tively, for a 200 ms interstimulus interval and either the repeated 100 times. We observed EMG responses with ⌬t 1 or the ⌬t 2 response, the integrated EMG intrinsic variable amplitudes that followed the mechanical stimand extrinsic responses after the second of two suculus in the intrinsic muscles and in the levator labii excessive stimuli were 0.9 to 1 times that after the first (Table 2 ). This value decreased to w0.4 for ⌬t 1 retrinsic muscle ( Figure 5B) . Critically, the EMG re- sponses to passive vibrissa deflection were depressed bution of latencies after the first deflection was similar to that of the ⌬t 2 responses recorded in the same rats after the first deflection for interstimulus intervals shorter than 200 ms ( Figure 5B) (n = 5 rats). The distriduring simulated whisking ( Figure 5C ). Lastly, the aver- Figure  6C, insets) . Overall, the presence of the obstacle increased the area of the rectified EMG responses for the intrinsic muscles by 129 ± 109% (n = 7 rats) ( Figure 6D) . Similarly, in the extrinsic muscle levator labii superioris, contact increased the area of rectified EMG responses by 202 ± 64% (n = 6) ( Figure 6D ). Figures 3-6) 
Discussion

We have demonstrated, based on in vitro (Figures 1 and 2) and in vivo (
